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1. INTRODUCTION {#cas14411-sec-0001}
===============

Colorectal cancer is one of the leading causes of mortality worldwide.[^1^](#cas14411-bib-0001){ref-type="ref"} Distant metastasis is a major determinant of prognosis in patients with CRC. The liver is the most frequent metastatic site in CRC. Population‐based studies have shown that approximately 25%‐30% of patients diagnosed with CRC develop liver metastases during the course of their disease.[^2^](#cas14411-bib-0002){ref-type="ref"}, [^3^](#cas14411-bib-0003){ref-type="ref"}, [^4^](#cas14411-bib-0004){ref-type="ref"} Therefore, an appropriate treatment strategy based on an accurate diagnosis is critical for improving clinical outcomes in patients with CRC.

Krüppel‐like factor 5 is a transcription factor that contains a triple zinc finger DNA‐binding domain. It is widely expressed in various tissues including the colon, small intestine, breast, pancreas, skeletal muscle, lung, prostate, and kidney.[^5^](#cas14411-bib-0005){ref-type="ref"}, [^6^](#cas14411-bib-0006){ref-type="ref"}, [^7^](#cas14411-bib-0007){ref-type="ref"} Krüppel‐like factor 5 is reportedly essential for cell cycle regulation, apoptosis, migration, and differentiation.[^8^](#cas14411-bib-0008){ref-type="ref"} In cancer biology, KLF5 is known to play an oncogenic role. Previous studies have reported that KLF5 is involved in angiogenesis, prevention of apoptosis, and epithelial‐mesenchymal transition, in addition to cell proliferation.[^9^](#cas14411-bib-0009){ref-type="ref"}, [^10^](#cas14411-bib-0010){ref-type="ref"}, [^11^](#cas14411-bib-0011){ref-type="ref"} As for CRC, only a few in vitro studies have indicated an oncogenic role of KLF5 in colon cancer cells.[^12^](#cas14411-bib-0012){ref-type="ref"}, [^13^](#cas14411-bib-0013){ref-type="ref"}, [^14^](#cas14411-bib-0014){ref-type="ref"} However, to the best of our knowledge, no studies have found a correlation between KLF5 and clinical outcome in patients with CRC and colorectal liver metastasis. Therefore, the aim of this study was to evaluate the expression of KLF5 in CRC and its correlation with patients' clinical outcomes. Furthermore, the molecular mechanisms underlying the clinical data were explored.

2. MATERIALS AND METHODS {#cas14411-sec-0002}
========================

2.1. Patients and human tissue samples {#cas14411-sec-0003}
--------------------------------------

Colorectal cancer and the corresponding liver metastasis tissues were obtained from 65 consecutive patients who underwent surgical resection for primary CRC and liver metastases at Chiba University Hospital (Chiba, Japan) between January 2006 and December 2014. Patients who underwent 2‐stage hepatectomy and primary tumor resection at other hospitals were excluded. Patients with synchronous liver metastases initially underwent primary tumor resection. As a control group, tissues were obtained from 53 consecutive patients with stage II or III CRC who did not develop distant metastases. These patients underwent surgical resection of primary CRC between 2012 and 2014. The ethics committees of Chiba University, Graduate School of Medicine (Chiba, Japan) approved the protocol of the present study (approval no. 2405). The study protocol conforms to the provisions of the Declaration of Helsinki. Written informed consent was obtained from each patient before surgery.

2.2. Indication criteria for surgical resection of metastatic tumors {#cas14411-sec-0004}
--------------------------------------------------------------------

Indication criteria for resection of colorectal metastases were as follows: (i) curative resection of the primary tumor is possible or has already been carried out; (ii) curative resection of metastases is possible; and (iii) preservation of physiologic function of the remaining tissue is possible (eg, 40% or more of total liver volume).

2.3. Immunohistochemistry {#cas14411-sec-0005}
-------------------------

Formalin‐fixed paraffin‐embedded tissue samples were cut into 4‐µm‐thick slices and deparaffinized. In the IHC for KLF5 and c‐Myc, antigen retrieval was carried out by microwaving in citric acid buffer (0.01 mol/L, pH 6.0) for 25 minutes. Subsequently, endogenous peroxidase activity was blocked with hydrogen peroxide diluted to 3% in methanol for 15 minutes. Nonspecific protein was blocked with 5% BSA for 10 minutes. Following protein blocking, the slides were incubated at 4°C overnight with the following primary Abs: anti‐KLF5 polyclonal Ab (1:100 dilution, cat. no. ab24331; Abcam) and anti‐c‐Myc mAb (1:200 dilution, cat. no. MA1‐980; Thermo Fisher Scientific). In the IHC for Ki‐67, antigen retrieval was undertaken by autoclaving at 121°C for 10 minutes in citric acid buffer (0.01 mol/L, pH 9.0). Endogenous peroxidase and protein blocking were carried out in the same manner as that for KLF5 and c‐Myc. Following protein blocking, the slides were incubated at room temperature (15‐25°C) for 1 hour with the anti‐Ki‐67 primary mAb (1:75 dilution, cat. no. M7240; Dako). Counterstaining was undertaken with hematoxylin before dehydration, penetration, and mounting.

2.4. Immunohistochemical evaluation of KLF5, c‐Myc, and Ki‐67 {#cas14411-sec-0006}
-------------------------------------------------------------

Using an inverted microscope (BX40; Olympus), the expression levels of KLF5, c‐Myc, and Ki‐67 were evaluated independently by 2 investigators accompanied by a pathologist, all of whom were blinded to any clinical information. Percentage scores are defined as the percentage of positively stained nuclei in tumor cells relative to the total number of malignant cells in 3‐5 positive high‐power fields (×400). The evaluations were carried out after establishing interobserver consensus using samples from preliminary experiments.

2.5. Human colon cancer cell lines and culture conditions {#cas14411-sec-0007}
---------------------------------------------------------

The human colon cancer cell line DLD‐1 and the human colon cancer lymph node metastasis cell line SW620 were purchased from ATCC. The DLD‐1 cell line was cultured in RPMI‐1640 medium (Gibco) with 10% FBS (Thermo Fisher Scientific). The SW620 cell line was cultured in Leibovitz's L‐15 medium (Gibco) with 10% FBS (Thermo Fisher Scientific).

2.6. Western blot analysis {#cas14411-sec-0008}
--------------------------

Proteins were extracted from the above‐cultured cells with RIPA buffer (Sigma‐Aldrich). Each protein sample was lysed in buffer (Laemmli sample buffer; Bio‐Rad Laboratories) containing 5% 2‐mercaptoethanol and then incubated at 97°C for 10 minutes. After measuring the protein concentration of each sample using the Pierce BCA Protein Assay kit (Thermo Fisher Scientific), 10 µg protein was separated by electrophoresis on 7.5%‐15% XV PANTERA Gels (DRC) and transferred onto a membrane (PerkinElmer). The membranes were blocked in 5% skim milk diluted with 0.1% TBS with Tween‐20 at room temperature (15‐25°C) for 60 minutes. The membranes were then incubated at 4°C overnight with the following primary Abs: anti‐KLF5 polyclonal Ab (1:400 dilution, cat. no. ab137676; Abcam), anti‐cyclin D1 mAb (1:500 dilution, cat. no. ab16663; Abcam), anti‐c‐Myc mAb (1:1000 dilution, cat. no. ab32072; Abcam), and anti‐β‐actin mAb (1:2000 dilution, cat. no. 5125; Cell Signaling Technology). Subsequently, the membranes were incubated at room temperature (15‐25°C) for 60 minutes with anti‐rabbit IgG HRP secondary Ab (1:2000 dilution, cat. no. sc‐2301; Santa Cruz Biotechnology) in blocking buffer. The membranes were then incubated with an enhanced chemiluminescence detection reagent (Chemi‐Lumi One Ultra; Nacalai Tesque) and developed with a LAS‐4000UV mini luminescent image analyzer (Fujifilm). The intensity of each band was quantified by densitometric analysis using ImageJ software version 1.51 (NIH) and was used to calculate the relative protein level normalized to β‐actin.

2.7. Small interfering RNA transfection {#cas14411-sec-0009}
---------------------------------------

The double‐stranded siRNAs used to knock down KLF5 expression were as follows: siKLF5‐1, Hs_KLF5_8 (cat. no. SI04267641; Qiagen); siKLF5‐2, Hs_KLF5_9 (cat. no. SI04281074; Qiagen); and siControl (AllStars negative control siRNA; Qiagen). These siRNAs (final concentration, 20 nmol/L) were transfected into DLD‐1 and SW620 cells using Lipofectamine RNAiMAX transfection reagent (Invitrogen; Thermo Fisher Scientific). These cells were used for subsequent assays at 24 hours post‐transfection.

2.8. Cell proliferation assay {#cas14411-sec-0010}
-----------------------------

Cell proliferation was examined using CCK‐8 (Dojindo Molecular Technologies) according to the manufacturer's instructions. The DLD‐1 and SW620 cells transfected with siKLF5s or siControl were seeded at 1000 cells/well for DLD1 and 3000 cells/well for SW620 in 96‐well plates. At 0, 24, 48, and 72 hours, CCK‐8 (10 μL/well) solution was added to measure cell viability. After 2 hours of incubation, the absorbance of each well was measured at 450 nm.

2.9. Tumor sphere formation assay {#cas14411-sec-0011}
---------------------------------

Tumor sphere formation assays were carried out as described previously, with minor modifications.[^15^](#cas14411-bib-0015){ref-type="ref"} Briefly, the DLD‐1 and SW620 cells transfected with siKLF5s or siControl were seeded at 15 cells/well in 96‐well ultra‐low attachment plates (Corning) with DMEM‐F12 (1:1) medium (Gibco) containing human basic fibroblast growth factor (10 ng/mL), human epidermal growth factor (20 ng/mL), and 0.4% BSA. After incubation for 10 days at 37°C, the cells were evaluated and the number of spheres with a diameter greater than 50 µm for DLD‐1 and greater than 25 µm for SW620 was counted using an inverted microscope (Axio Observer Z1; Carl Zeiss). The sphere formation rate was assessed as the percentage increase in the number of spheres on day 10 with regard to the number of spheres observed on day 1.

2.10. Anoikis resistance assay {#cas14411-sec-0012}
------------------------------

To assess anoikis resistance, which is the resistance to apoptosis following loss of contact with the ECM, we undertook an anoikis resistance assay as described previously.[^16^](#cas14411-bib-0016){ref-type="ref"} Briefly, DLD‐1 and SW620 cells transfected with siKLF5s or siControl were incubated at 37°C for 24 hours in a medium without growth factor under rotation. The colony formation assay was then carried out,[^17^](#cas14411-bib-0017){ref-type="ref"} wherein 3000 cells/well suspended in a medium with 0.3% agar were seeded onto 24‐well culture plates coated with a medium containing 1% agar (bottom layer). The number of colonies was then counted at 14 days after cell seeding.

2.11. Cell invasion assay {#cas14411-sec-0013}
-------------------------

CytoSelect 24‐well cell invasion assay kits (Cell Biolabs) utilizing basement membrane‐coated inserts were used according to the manufacturer's protocol. In brief, cells transfected with siKLF5s or siControl were suspended in serum‐free medium. Following overnight starvation, the cells were seeded at 3.0 × 10^4^ cells/well in the upper chamber and incubated with the medium in the lower chamber for 48 hours. The invasive cells passing through the basement membrane layer were stained, and the absorbance of each well was measured at 560 nm after extraction.

2.12. Statistical analysis {#cas14411-sec-0014}
--------------------------

The correlations between KLF5 staining and the characteristics of patients were evaluated using the χ^2^‐test, Student's *t* test, or Mann‐Whitney *U* test, as appropriate. Survival rates were calculated using Kaplan‐Meier analyses and assessed using the log‐rank test. Survival data were evaluated using univariate and multivariate Cox proportional regression analyses. When analyzing the correlation between KLF5 expression in the primary tumor and long‐term outcomes, OS and TSF were calculated from the date of primary tumor resection. When analyzing the correlation between KLF5 expression in the liver metastases and the long‐term outcome, OS and TSF were calculated from the date of initial hepatectomy. When analyzing the long‐term outcome and the difference of KLF5 expression in the primary tumor and liver metastases, OS and TSF were calculated from the date of initial hepatectomy. Correlation between KLF5 staining and Ki‐67 or c‐Myc staining was analyzed using the Pearson correlation coefficient. The in vitro experiments were undertaken at least 3 times independently, and data were analyzed using Welch's *t* test and multivariate ANOVA. *P* values less than .05 were considered to reflect statistical significance. Values are expressed as the mean ± SEM. The above series of statistical analyses were undertaken using JMP Pro 13 software (SAS Institute).

3. RESULTS {#cas14411-sec-0015}
==========

3.1. Expression of KLF5 in primary tumor associated with poor prognosis {#cas14411-sec-0016}
-----------------------------------------------------------------------

Krüppel‐like factor 5 protein expression was examined in primary tumors and the corresponding metastatic tumors in the liver with IHC. In 2 cases, the pathological diagnosis of liver metastases was pathological complete response. Therefore, KLF5 expression in liver metastases was examined in 63 patients. The KLF5 protein was predominantly expressed in the nucleus of cancer cells in both primary tumors and liver metastases (Figure [1](#cas14411-fig-0001){ref-type="fig"}). The mean KLF5‐positive rates were 67.6 ± 1.86% in primary tumors and 72.9 ± 1.93% in liver metastases (*P* = .0494). Based on receiver operating characteristic analyses in accordance with the 5‐year survival, the 65 patients were divided into 2 groups (cut‐off value = 76%; *P* = .2866; area under the curve = 0.6187).

![Immunohistochemistry analysis for Krüppel‐like factor 5 (KLF5) expression in colorectal cancer (CRC) and colorectal liver metastases. A, C, In both CRC (A) and its liver metastasis (C), the KLF5 protein is predominantly expressed in the nucleus of cancer cells. Scale bar = 200 μm. B, D, High magnification of A and C. Scale bar = 50 μm. E, Comparison of the KLF5 nuclear staining‐positive rates in the CRC and liver metastases. F, Comparison of the KLF5 nuclear staining‐positive rates in stage II or III CRC without metastases and CRC with liver metastases](CAS-111-2078-g001){#cas14411-fig-0001}

With regard to primary tumors, high KLF5 expression (76% or more KLF5‐positive cells) was observed in 24 patients (36.9%), whereas low KLF5 expression (less than 76% KLF5‐positive cells) was observed in 41 patients (63.1%). Krüppel‐like factor 5 expression profiles in the primary tumors and clinicopathologic features are shown in Table [1](#cas14411-tbl-0001){ref-type="table"}. High KLF5 expression was significantly associated with synchronous liver metastasis, vascular invasion, elevated serum levels of CEA (18 ng/mL or more), elevated serum levels of CA19‐9 (50 U/mL or more), and large diameters of liver metastases (*P* = .0220, .0461, .0364, .0026, and .0173, respectively). No difference was noted in recurrence after hepatectomy between cancers with low and high KLF5 expression, but rehepatectomy tended to be more frequent in patients with low KLF5 expression (*P* = .0527). The re‐resection rate of metastatic tumors regardless of the organ was significantly higher in patients with low KLF5 expression when compared with those with high expression (*P* = .0279). The Kaplan‐Meier analysis showed that patients with high KLF5 expression had a significantly shorter OS time, time to liver metastasis, and TSF than did patients with low KLF5 expression (*P* = .0014, .0175, and .0008, respectively; Figure [2](#cas14411-fig-0002){ref-type="fig"}). In the univariate analysis, the primary tumor site (colon vs rectum), neoadjuvant chemotherapy before hepatectomy, molecular targeted therapy, lymph node metastasis, lymphatic invasion, number of liver metastases (3 or fewer, or 4 or more), and KLF5 expression correlated with OS. Of these, rectal cancer, large number of liver metastases, and high KLF5 expression were identified as independent prognostic factors (*P* = .0256, .0330, and .0137, respectively; Cox proportional hazards model; Table [2](#cas14411-tbl-0002){ref-type="table"}) in multivariate analyses.

###### 

Clinicopathologic features of patients with colorectal cancer who have high and low Krüppel‐like factor 5 (KLF5) expression

  Feature                                                     KLF5 expression   *P* value     
  ----------------------------------------------------------- ----------------- ------------- -----------
  Age (y)                                                     64 (45‐80)        69 (42‐81)    .0888
  Sex, female/male                                            6/18              15/26         .3299
  Site of primary tumors, colon/rectum                        12/12             27/14         .2093
  Site of primary tumors, right/left/rectum                   5/7/12            13/14/14      .4237
  Time of metastasis, synchronous/metachronous                18/6              19/22         **.0220**
  Adjuvant chemotherapy, −/+                                  4/2               17/5          .6031
  Neoadjuvant chemotherapy before hepatectomy, −/+            17/7              30/11         .8393
  Adjuvant chemotherapy (post‐hepatectomy), −/+               5/19              12/29         .4501
  Molecular targeted therapy, −/+                             13/11             25/16         .5914
  T stage, T1‐3/T4[^a^](#cas14411-note-0003){ref-type="fn"}   13/11             25/16         .5914
  Lymph node metastasis, −/+                                  9/15              17/24         .7525
  Lymphatic invasion, −/+                                     11/13             24/17         .3215
  Vascular invasion, −/+                                      3/21              14/27         **.0461**
  Differentiation (primary tumor) pap, tub/por, muc           19/5              34/7          .7078
  Differentiation (liver metastases) pap, tub/por, muc        21/3              36/3          .5332
  CEA, \<18/≥18 ng/mL                                         12/12             31/10         **.0364**
  CA19‐9, \<50/≥50 U/mL                                       13/11             36/5          **.0026**
  Number of liver metastases                                  2.5 (1‐18)        2 (0‐10)      .1475
  Liver metastasis tumor diameter (cm)                        4.63 ± 0.54       3.02 ± 0.34   **.0173**
  Recurrence after hepatectomy, −/+                           3/21              11/30         .1617
  Intrahepatic recurrence after hepatectomy, −/+              12/12             19/22         .7757
  Repeat resection (all organs)                               12/9              8/22          **.0279**
  Repeat hepatectomy, −/+                                     9/3               9/13          .0527

Bold values are significant at *P* \< .05.

Abbreviations: CA19‐9, carbohydrate antigen 19‐9; CEA, carcinoembryonic antigen; muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; por, poorly differentiated adenocarcinoma; tub, tubular adenocarcinoma.
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![Kaplan‐Meier analysis for overall survival, time to liver metastasis, and time to surgical failure based on the Krüppel‐like factor 5 (KLF5) expression in primary tumors. A--C, The high KLF5 expression group shows significantly shorter overall survival (A), time to liver metastasis (B), and time to surgical failure (C) than the low KLF5 expression group (*P* = .0014, .0175, and .0008, respectively)](CAS-111-2078-g002){#cas14411-fig-0002}

###### 

Univariate and multivariate analyses for overall survival (OS) in colorectal cancer

+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Factors                                                   | n     | 5‐y OS rate (%) | Univariate | Multivariate        |           |
|                                                           |       |                 |            |                     |           |
|                                                           |       |                 | *P* value  |                     |           |
+===========================================================+=======+=================+============+=====================+===========+
| Age, \<65/≥65 y                                           | 24/41 | 58.3/67.0       | .5422      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Site of primary tumors, colon/rectum                      | 39/26 | 76.5/44.2       | **.0076**  | 2.399 (1.114‐5.210) | **.0259** |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Site of primary tumors, right/left                        | 18/21 | 82.9/71.4       | .3941      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Time of metastasis, synchronous/metachronous              | 37/28 | 58.4/70.6       | .0986      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Adjuvant chemotherapy, −/+                                | 21/7  | 70.3/71.4       | .8400      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Neoadjuvant chemotherapy before hepatectomy, −/+          | 47/18 | 71.9/41.3       | **.0148**  | 1.462 (0.545‐3.942) | .4477     |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Adjuvant chemotherapy (post‐hepatectomy), −/+             | 17/48 | 57.0/66.0       | .2102      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Molecular targeted therapy, −/+                           | 38/27 | 70.5/53.9       | **.0388**  | 0.939 (0.373‐3.942) | .8938     |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| CEA, \<18/≥18 ng/mL                                       | 43/22 | 69.2/47.5       | .0886      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| CA19‐9, \<50/≥50 U/mL                                     | 49/16 | 66.8/53.5       | .0900      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| T stage, T1‐3/T4[^a^](#cas14411-note-0006){ref-type="fn"} | 37/27 | 65.7/60.6       | .7814      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Lymph node metastasis, −/+                                | 26/39 | 75.3/56.4       | **.0164**  | 2.237 (0.854‐6.586) | .1040     |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Lymphatic invasion, −/+                                   | 35/30 | 73.0/41.6       | **.0041**  | 1.993 (0.842‐4.980) | .1179     |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Vascular invasion, −/+                                    | 17/48 | 76.4/51.2       | .0899      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Differentiation (primary) pap, tub/por, muc               | 53/12 | 66.8/50.0       | .3989      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Differentiation (liver) pap, tub/por, muc                 | 57/6  | 65.6/50.0       | .3636      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Number of liver metastases, ≤3/≥4                         | 44/19 | 76.9/33.4       | **.0185**  | 2.403 (1.075‐5.314) | **.0330** |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| Liver metastasis tumor diameter, ≤4/\>4 cm                | 41/22 | 70.1/52.7       | .1274      |                     |           |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+
| KLF5 expression, low/high                                 | 41/24 | 75.1/43.6       | **.0027**  | 2.571 (1.272‐5.283) | **.0087** |
+-----------------------------------------------------------+-------+-----------------+------------+---------------------+-----------+

Bold values are significant at *P* \< .05.

Abbreviations: CA19‐9, carbohydrate antigen 19‐9; CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; KLF5, Krüppel‐like factor 5; muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; por, poorly differentiated adenocarcinoma; tub, tubular adenocarcinoma.
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Expression of KLF5 was also examined in the control group patients with stage II or III CRC without any recurrence. Clinicopathologic features of these patients are shown in Table [3](#cas14411-tbl-0003){ref-type="table"}. The mean KLF5‐positive rate was 42.7 ± 2.6% which was significantly lower than the KLF5‐positive rates in primary tumors of patients with metastatic disease (*P* \< .0001).

###### 

Clinicopathologic features of patients with colorectal cancer (CRC) with or without recurrence

  Feature                                                     CRC without recurrence (n = 53)   CRC with liver metastases (n = 65)   *P* value
  ----------------------------------------------------------- --------------------------------- ------------------------------------ -------------
  Age (y)                                                     70 (42‐85)                        67 (42‐81)                           .0842
  Sex, female/male                                            18/35                             21/44                                .8493
  Site of primary tumors, colon/rectum                        39/14                             39/26                                .1188
  Site of primary tumors, right/left/rectum                   10/29/14                          18/21/26                             **.0489**
  Adjuvant chemotherapy, −/+                                  31/22                             21/7                                 .1345
  T stage, T1‐3/T4[^a^](#cas14411-note-0009){ref-type="fn"}   44/9                              38/27                                **.0033**
  Lymph node metastasis, −/+                                  30/23                             26/39                                .0719
  Lymphatic invasion, −/+                                     38/15                             35/30                                **.0456**
  Vascular invasion, −/+                                      24/29                             17/48                                **.0299**
  Differentiation (primary tumor) pap, tub/por, muc           19/5                              34/7                                 .7078
  Differentiation (liver metastases) pap, tub/por, muc        21/3                              36/3                                 .5332
  CEA, \<18/≥18 ng/mL                                         46/7                              43/22                                **.0080**
  CA19‐9, \<50/≥50 U/mL                                       46/7                              49/16                                .1146
  KLF5 expression rate (%)                                    42.7 ± 2.64                       67.6 ± 1.86                          **\<.0001**

Bold values are significant at *P* \< .05.

Abbreviations: CA19‐9, carbohydrate antigen 19‐9; CEA, carcinoembryonic antigen; KLF5, Krüppel‐like factor 5; muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; por, poorly differentiated adenocarcinoma; tub, tubular adenocarcinoma.
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3.2. Krüppel‐like factor 5 expression in liver metastases associated with poor prognosis {#cas14411-sec-0017}
----------------------------------------------------------------------------------------

Clinicopathologic features were compared between high and low levels of KLF5 expression in liver metastases. As shown in Table [4](#cas14411-tbl-0004){ref-type="table"}, the expression of KLF5 was significantly associated with vascular invasion of the primary tumor, elevated serum levels of CA19‐9 (≥50 U/mL), and large tumor diameter of liver metastases and the primary tumor (*P* = .0174, .0076, and .0133, respectively). The Kaplan‐Meier analysis showed that patients with high KLF5 expression in liver metastases had significantly shorter OS times after hepatectomy than patients with low KLF5 expression (*P* = .0376; Figure [3](#cas14411-fig-0003){ref-type="fig"}). The TSF after hepatectomy tended to be shorter in patients with high expression compared to those with low KLF5 expression in liver metastases (*P* = .0585; Figure [3](#cas14411-fig-0003){ref-type="fig"}). No significant difference in DFS after hepatectomy and time to hepatic recurrence after hepatectomy was found between patients with high and low KLF5 expression (Figure [3](#cas14411-fig-0003){ref-type="fig"}).

###### 

Clinicopathologic features of patients with colorectal liver metastasis, grouped according to Krüppel‐like factor 5 (KLF5) expression

  Feature                                                                   KLF5 expression   *P* value     
  ------------------------------------------------------------------------- ----------------- ------------- -----------
  Age at hepatectomy (y)                                                    65 (46‐81)        70 (48‐84)    .3956
  Sex, female/male                                                          9/21              11/22         .7764
  Site of primary tumors, colon/rectum                                      19/11             19/14         .6408
  Site of primary tumors, right/left/rectum                                 10/9/11           8/11/14       .7258
  Time of metastasis, synchronous/metachronous                              18/12             19/14         .8452
  Adjuvant chemotherapy, −/+                                                8/4               11/3          .4953
  Neoadjuvant chemotherapy before hepatectomy, −/+                          25/5              22/11         .1249
  Adjuvant chemotherapy (post‐hepatectomy), −/+                             7/23              10/23         .5327
  Molecular targeted therapy, −/+                                           21/9              17/16         .1323
  Primary tumor T stage, T1‐3/T4[^a^](#cas14411-note-0012){ref-type="fn"}   16/14             21/12         .4066
  Primary lymph node metastasis, −/+                                        10/20             15/18         .3249
  Primary tumor lymphatic invasion, −/+                                     14/16             19/14         .3862
  Primary tumor vascular invasion, −/+                                      4/26              13/20         **.0174**
  Differentiation (primary tumor) pap, tub/por, muc                         24/6              27/6          .8544
  Differentiation (liver metastases) pap, tub/por, muc                      26/4              31/2          .3232
  CEA before hepatectomy, \<18/≥18 ng/mL                                    20/10             22/11         1.0000
  CA19‐9 before hepatectomy, \<50/≥50 U/mL                                  14/16             26/7          **.0076**
  Number of liver metastases                                                2 (1‐8)           3 (1‐18)      .0652
  Liver metastasis tumor diameter (cm)                                      4.48 ± 0.42       2.96 ± 0.42   **.0133**
  Surgical margin, negative/positive                                        19/11             24/9          .4237
  Recurrence after hepatectomy, −/+                                         5/25              8/25          .4560
  Intrahepatic recurrence after hepatectomy, −/+                            14/16             16/17         .8852
  Repeat resection (all organs)                                             16/14             17/16         .8852
  Repeat hepatectomy, −/+                                                   23/7              25/8          .9326

Bold values are significant at *P* \< .05.

Abbreviations: CA19‐9, carbohydrate antigen 19‐9; CEA, carcinoembryonic antigen; muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; por, poorly differentiated adenocarcinoma; tub, tubular adenocarcinoma.
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![Kaplan‐Meier analysis of patients based on Krüppel‐like factor 5 (KLF5) expression in metastatic tumors. A, Patients with high KLF5 expression in the liver metastases have significantly shorter overall survival times after hepatectomy than do patients with low KLF5 expression (*P* = .0376). B, Time to surgical failure after hepatectomy is slightly, but not significantly, shorter in patients with high vs low KLF5 expression in liver metastases (*P* = .0585). C, D, No significant differences are found in disease‐free survival after hepatectomy (C) and time to hepatic recurrence after hepatectomy (D) between patients with high vs low KLF5 expression in liver metastases](CAS-111-2078-g003){#cas14411-fig-0003}

3.3. Increased KLF5 expression from primary tumors to liver metastases is associated with poor prognosis {#cas14411-sec-0018}
--------------------------------------------------------------------------------------------------------

To investigate the correlation between KLF5 expression in primary tumors and liver metastases, we compared the expression rate of KLF5 in primary tumors and the corresponding liver metastases. The KLF5‐positive rate in 26 patients (41.3%) increased by at least 10%, and increased by less than 10% in 37 other patients (58.7%). The Kaplan‐Meier analysis showed that an increase of 10% or more in the KLF5‐positive rate was significantly associated with a shorter OS and TSF (*P* = .0075 and .0290, respectively; Figure [4](#cas14411-fig-0004){ref-type="fig"}). In contrast, 6 patients (9.5%) had high KLF5 expression in the primary tumor but low expression in the liver metastases. The expression pattern of KLF5 of these patients did not significantly correlate with the prognosis.

![Relationship between Krüppel‐like factor 5 (KLF5) expression in primary tumors and liver metastases. A, B, Kaplan‐Meier analysis shows that patients in whom the KLF5‐positive rate increased by ≥10% (ΔKLF5 \[%\] ≥ 10) have significantly shorter overall survival times (A) and time to surgical failure (B) than do the patients in whom the rate increased by \<10% (ΔKLF5 \[%\] \< 10) (*P* = .0075 and .0290, respectively)](CAS-111-2078-g004){#cas14411-fig-0004}

3.4. Krüppel‐like factor 5 expression positively correlated with Ki‐67 and c‐Myc expression in primary CRC {#cas14411-sec-0019}
----------------------------------------------------------------------------------------------------------

Immunohistochemistry for Ki‐67, a representative proliferation marker, and c‐Myc, a CSC marker, was undertaken to investigate the correlation between KLF5 expression and the expression of these markers in primary CRC. The correlations between the cancer cell nuclear staining rates of KLF5 and these markers are shown in Figure [5](#cas14411-fig-0005){ref-type="fig"}. Krüppel‐like factor 5 expression was positively correlated with Ki‐67 (*R* = 0.4435, *P* = .0002) and c‐Myc expression (*R* = 0.5590, *P* \< .0001).

![Correlations between Krüppel‐like factor 5 (KLF5) expression and Ki‐67 expression, a representative proliferation marker, and c‐Myc expression, a cancer stem cell marker, in primary colorectal cancer. A, B, Nuclear staining of KLF5 (A) and Ki‐67 (B). C, KLF5 expression positively correlates with Ki‐67 expression (*R* = 0.4435, *P* = .0002). D, E, Nuclear staining of KLF5 (D) and c‐Myc (E). F, KLF5 expression positively correlates with c‐Myc expression (*R* = 0.590, *P* \< .0001). Scale bar: A, B, D, E = 200 μm](CAS-111-2078-g005){#cas14411-fig-0005}

3.5. Recurrence after initial hepatectomy {#cas14411-sec-0020}
-----------------------------------------

Recurrences after initial hepatectomy were observed in 51 patients (78.4%). Intrahepatic recurrence was observed in 25 patients. Pulmonary metastasis was observed in 16 patients. Peritoneal dissemination was observed in 6 patients. Lymph node metastasis was observed in 8 patients (Table [5](#cas14411-tbl-0005){ref-type="table"}). Patients with high KLF5 expression in primary tumors tended to develop extrahepatic metastases, as well as metastases in multiple organs/sites after initial hepatectomy (*P* = .06 and *P* = .19, respectively).

###### 

Distribution of first recurrence site after first hepatectomy in patients with colorectal liver metastasis

                             n = 61; n (%)
  -------------------------- ---------------
  Liver                      25 (41.0)
  Lung                       16 (26.2)
  Peritoneal dissemination   6 (9.8)
  Lymph nodes                8 (13.1)
  Others                     6 (9.8)

John Wiley & Sons, Ltd

Repeat resection for recurrent tumors was carried out in 16 patients but was deferred in 35 patients. The reasons for not undertaking repeat resection were multiple liver metastases in 3 patients, multiple lung metastases in 6, multiple organs/sites of metastasis in 10, peritoneal dissemination in 3, distant lymph node metastases in 4, extrahepatic and extrapulmonary metastases (bone and brain) in 5, and poor performance status in 4 patients (Table [6](#cas14411-tbl-0006){ref-type="table"}).

###### 

Contraindication to repeat resection in patients with colorectal liver metastasis

                                                                    n = 35; n (%)
  ----------------------------------------------------------------- ---------------
  Multiple liver metastases                                         3 (8.5)
  Multiple lung metastases                                          6 (17.1)
  Multiple organ metastases                                         10 (28.5)
  Peritoneal dissemination                                          3 (8.5)
  Distant lymph node metastasis                                     4 (11.4)
  Areas that are difficult to surgically resect (eg, bone, brain)   5 (14.2)
  Patient factors                                                   4 (11.4)

John Wiley & Sons, Ltd

3.6. Inhibition of tumor cell proliferation through KLF5 knockdown {#cas14411-sec-0021}
------------------------------------------------------------------

As the clinical data indicated that KLF5 might be oncogenic in CRC, in vitro experiments were undertaken to elucidate the molecular mechanisms by which KLF5 promotes the malignant behavior of CRC cells. The human colon cancer cell line DLD‐1 and the human colon cancer lymph node metastasis cell line SW620 were used for the experiments. To assess the effects of KLF5 knockdown on tumor cell proliferation in vitro, we undertook CCK‐8 assays following the knockdown of KLF5 using siRNAs. The CCK‐8 assays revealed that the knockdown of KLF5 significantly inhibited the proliferation of DLD‐1 and SW620 cells (Figure [6](#cas14411-fig-0006){ref-type="fig"}).

![Cell proliferation assay using the CCK‐8 assay in colorectal cancer cells. A, B, Knockdown of Krüppel‐like factor 5 (KLF5) significantly inhibits the proliferation of the human colon cancer cell line DLD‐1 (A) and the human colon cancer lymph node metastasis cell line SW620 (B) cells](CAS-111-2078-g006){#cas14411-fig-0006}

Subsequently, western blot analyses were undertaken to determine the effects of KLF5 knockdown on the protein expression of cyclin D1 and c‐Myc. These analyses revealed that in both colon cancer cell lines, the knockdown of KLF5 expression significantly reduced cyclin D1 and c‐Myc expression (Figure [7](#cas14411-fig-0007){ref-type="fig"}).

![Effects of Krüppel‐like factor 5 (KLF5) knockdown evaluated using western blot analyses in the human colon cancer cell line DLD‐1 and the human colon cancer lymph node metastasis cell line SW620 cells. A, B, Knockdown of KLF5 expression significantly reduces the expression of cyclin D1 expression in both colorectal cancer (CRC) cell lines. C, D, Comparative analyses of cyclin D1 expression between CRC cells treated with siControl and siKLF5s. The band intensities were normalized to that of β‐actin. E, F, Knockdown of KLF5 expression significantly reduces the expression of c‐Myc expression in both CRC cell lines. G, H, Comparative analyses of c‐Myc expression between CRC cells treated with siControl and siKLF5s. Experiments were carried out at least 3 times. Error bars represent SEM](CAS-111-2078-g007){#cas14411-fig-0007}

3.7. Knockdown of KLF5 expression impairs the CSC‐like properties and anoikis resistance in colon cancer cells {#cas14411-sec-0022}
--------------------------------------------------------------------------------------------------------------

To evaluate the effects of KLF5 expression on the properties of CSCs, the self‐renewal capacity of colon cancer cells was investigated in vitro with the tumorsphere formation assay. This assay showed that KLF5 knockdown significantly reduced the number of sphere‐forming cells (Figure [8](#cas14411-fig-0008){ref-type="fig"}). These results indicate that KLF5 might be involved in maintaining the CSC‐like properties in colon cancer cells. Furthermore, the effects of KLF5 on anoikis resistance in colon cancer cells were investigated because anoikis resistance is a major characteristic of CSCs that promotes metastasis.[^18^](#cas14411-bib-0018){ref-type="ref"} In the anoikis assay, KLF5 knockdown resulted in a significant reduction in the number and size of colonies (Figure [8](#cas14411-fig-0008){ref-type="fig"}). These results indicate that KLF5 might play a role in the maintenance of anoikis resistance in colon cancer cells.

![Krüppel‐like factor 5 (KLF5) expression maintains the properties of cancer stem cells and anoikis resistance in colon cancer cells. A, B, Representative findings of sphere formation in DLD‐1 (A) and SW620 (B) cells treated with siControl and siKLF5s. C, D, Percentages of sphere‐forming cells are evaluated in DLD‐1 (C) and SW620 (D) cells treated with siControl and siKLF5s. E, F, Representative findings of colony formation in DLD‐1 (E) and SW620 (F) cells treated with siControl and siKLF5s. G, H, The number of colonies is significantly reduced after KLF5 knockdown in DLD‐1 (G) and SW620 (H) cells. Experiments were carried out at least 3 times. Error bars represent SEM. Scale bar: A, B = 50 μm, E, F = 200 μm](CAS-111-2078-g008){#cas14411-fig-0008}

3.8. Knockdown of KLF5 expression did not alter cell invasiveness {#cas14411-sec-0023}
-----------------------------------------------------------------

As cell invasiveness is one of the important properties in the metastatic cascade of cancer, the effect of KLF5 on cell invasiveness was assessed. The cell invasion assays revealed that the knockdown of KLF5 did not alter the invasiveness of DLD‐1 or SW620 cells (Figure [9](#cas14411-fig-0009){ref-type="fig"}).

![Cell invasion assay in colorectal cancer cells. Knockdown of Krüppel‐like factor 5 (KLF5) did not alter the cell invasiveness of human colon cancer cell line DLD‐1 cells (A, C) or human colon cancer lymph node metastasis cell line SW620 (B, D) cells](CAS-111-2078-g009){#cas14411-fig-0009}

4. DISCUSSION {#cas14411-sec-0024}
=============

To the best of our knowledge, the present study is the first to reveal the roles that KLF5 plays in clinical outcomes in patients with CRC and liver metastasis. Our results showed that high KLF5 expression in both primary CRC tumors and their liver metastases was significantly associated with a poor prognosis. Furthermore, high KLF5 expression was significantly associated with several clinicopathologic factors that are known to be associated with the malignant behavior of CRC. Our in vitro experiments indicated that KLF5 promoted cell proliferation through cyclin D1. Moreover, our data suggested that KLF5 was associated with the CSC‐like properties in colon cancer cells. These factors might contribute to the early and unresectable recurrence of CRC, ultimately leading to shorter survival times in patients with high KLF5 expression.

Surgical resection is the gold standard of treatment for colorectal liver metastases. A number of studies have reported the utility of curative resection in improving the prognosis of patients with colorectal liver metastasis.[^19^](#cas14411-bib-0019){ref-type="ref"}, [^20^](#cas14411-bib-0020){ref-type="ref"}, [^21^](#cas14411-bib-0021){ref-type="ref"} Recent evidence has also shown that repeat resection of distant metastases, including liver and lung metastases, could be useful.[^22^](#cas14411-bib-0022){ref-type="ref"}, [^23^](#cas14411-bib-0023){ref-type="ref"} Repeat hepatectomy for successive hepatic recurrences has been shown to yield a survival outcome that is comparable to that of the initial hepatectomy.[^24^](#cas14411-bib-0024){ref-type="ref"} These findings suggest that recurrence itself might not always reflect a patient's prognosis accurately. Whether or not the recurrence can be resected should be considered when discussing the clinical outcome of metastatic CRC. Therefore, a traditional indicator, DFS, does not necessarily reflect OS. The TSF, a newly reported end‐point, is defined as the interval from the initial surgery to the first unresectable recurrence or death.[^25^](#cas14411-bib-0025){ref-type="ref"} Oba et al[^25^](#cas14411-bib-0025){ref-type="ref"} reported that TSF is much more strongly correlated with OS than DFS in patients with colorectal liver metastasis. Our data indicated that repeat resection for distant metastasis was less frequent in patients with high expression compared to low KLF5 expression in primary tumors. The TSF of patients with high KLF5 expression was significantly shorter than that of patients with low KLF5 expression. Given these findings, we hypothesized that KLF5 promotes cancer cell proliferation and CSC‐like properties in CRC because these factors could lead to multiple and rapidly growing metastases that cannot be surgically resected. To validate this hypothesis, we undertook in vitro experiments using 2 cell lines. Cell proliferation was significantly inhibited by KLF5 knockdown through cyclin D1. This finding is in line with those of previous studies that reported pro‐proliferative activities of KLF5.[^26^](#cas14411-bib-0026){ref-type="ref"}, [^27^](#cas14411-bib-0027){ref-type="ref"}, [^28^](#cas14411-bib-0028){ref-type="ref"} Moreover, these in vitro experiments support our clinical findings, such as the significant positive correlations between high KLF5 expression and large numbers and diameters of tumors.

A novel finding of this study is that the KLF5‐c‐Myc axis might play a pivotal role in promoting the CSC‐like properties of CRC cells. We found that knockdown of KLF5 reduced c‐Myc expression in vitro. *c‐Myc* is one of the well‐known oncoproteins of several cancers. Dysregulation of c‐Myc is reportedly associated with aggressive tumor behavior and poor clinical outcomes.[^29^](#cas14411-bib-0029){ref-type="ref"}, [^30^](#cas14411-bib-0030){ref-type="ref"}, [^31^](#cas14411-bib-0031){ref-type="ref"} With regard to the role of c‐Myc in CSCs, Wang et al[^31^](#cas14411-bib-0031){ref-type="ref"} found that high c‐Myc expression is required for proliferation, growth, survival, and tumorigenesis in glioma CSCs. Therefore, our data indicate that KLF5 might similarly regulate the stemness of CRC cells by modulating c‐Myc expression. This finding was supported by IHC for c‐Myc in primary tumors, in which a significant positive correlation was identified between KLF5 expression and c‐Myc expression. This result bridges the gap between our in vitro data and clinical data by indicating the oncogenic role of the KLF5‐c‐Myc axis in CRC.

Regarding the mechanisms underlying KLF5 modulation of c‐Myc and cyclin D1 expression, several studies have reported that KLF5 transactivates promoters of c‐Myc and cyclin D1 using luciferase reporter assays. Guo et al[^32^](#cas14411-bib-0032){ref-type="ref"} found that KLF5 knockdown significantly reduced *MYC* expression and that KLF5 directly binds to 2 different sites of the *MYC* promoter in HaCaT epidermal epithelial cells. Furthermore, Nandan et al showed that KLF5 knockdown reduced cell proliferation and colony formation and that KLF5 was able to stimulate cyclin D1 promoter activity.[^33^](#cas14411-bib-0033){ref-type="ref"}, [^34^](#cas14411-bib-0034){ref-type="ref"} Given those findings, we speculate that KLF5 plays a role in the behavior of CRC and its liver metastases through binding to the promoters of c‐Myc and cyclin D1. How these mechanisms manifest in CRC cells needs to be investigated in future experiments.

Notably, we did not find a significant correlation between TSF and KLF5 expression in liver metastases. Because the mean rate of KLF5 expression in liver metastases was high compared with that of the primary tumor, identification of a significant difference might be difficult given the small sample size of the present study. The number of liver metastases among patients with high KLF5 expression in the primary tumor was greater than that in patients with low KLF5 expression. However, a contrasting result was observed when comparing KLF5 expression in liver metastases, although it was not significant. The difference might be explained by the number of liver metastases reflecting the KLF5 expression in the primary tumor but not in the liver metastases. In fact, the number of recurrent tumors after initial hepatectomy tended to be high in patients with high KLF5 expression in liver metastases.

Interestingly, KLF5 expression in liver metastases was elevated compared with that in the corresponding primary tumor. Moreover, the OS of patients in whom the KLF5‐positive rate increased by 10% or more in metastatic tumors relative to primary tumors was significantly worse than that of other patients. As shown in the present study, colon cancer cells with high KLF5 expression might exhibit CSC‐like properties, at least in part, by modulating c‐Myc expression. Additionally, previous studies indicated that KLF5 is involved in EMT.[^35^](#cas14411-bib-0035){ref-type="ref"}, [^36^](#cas14411-bib-0036){ref-type="ref"} Therefore, cells with high KLF5 expression might acquire more aggressive metastatic properties during the course of cancer progression than other cells. Generally, the distribution of cancer cells in solid tumors is heterogeneous.[^37^](#cas14411-bib-0037){ref-type="ref"}, [^38^](#cas14411-bib-0038){ref-type="ref"} Subsequently, cells with aggressive behavior could develop distant metastases, thus explaining the high KLF5 expression rate in metastatic tumors compared with that in primary tumors. Once the cells colonize distant organs, cells with higher KLF5 expression might develop larger and higher numbers of tumors and/or accelerate other distant metastases that lead to shorter TSF and OS times.

Given these data, several clinical implications can be proposed. Our data indicate that aggressive tumor behavior, such as rapid and multiple recurrences, are presumed in patients with high KLF5 expression and an increase of more than 10% in KLF5 expression in the liver metastases. Therefore, intensive follow‐up examination using tumor markers, computed tomography scans, and MRI should be carried out for these patients. However, once multiple organ/site metastases have developed, surgical resection is not an option. Thus, it is more important to reduce the risk of recurrence. Because perioperative chemotherapy might be an option to reduce the risk, more effective drug regimens need to be explored, and their administration to patients with high KLF5 expression should be of high priority.

Herein, we focused on the roles KLF5 plays in the proliferation and CSC‐like properties of cancer cells using in vitro experiments. However, KLF5 might have other roles in the malignant behavior of cancer cells because our clinical data showed that high KLF5 expression was associated with vascular invasion, high CEA levels, and high CA19‐9 levels. Previous studies have reported that KLF5 promotes cell adhesion, migration, and invasion in various types of cancer cells.[^39^](#cas14411-bib-0039){ref-type="ref"}, [^40^](#cas14411-bib-0040){ref-type="ref"} Hence, KLF5 expression might affect these cell properties in CRC, which could lead to tumor progression and accelerate metastatic activity to distant organs. These factors need to be examined in future experiments.

The present study has several limitations. First, all data were collected retrospectively; therefore, patients' background data are not homogeneous. Several prognostic factors were not randomized for the analyses of long‐term outcome. Second, we only examined the effects of KLF5 with loss‐of‐function experiments. Further investigation with gain‐of‐function experiments and in vivo experiments are warranted to verify our data and elucidate the roles of KLF5 in CRC progression more accurately.

In conclusion, high KLF5 expression in cancer cells is an independent predictor of poor prognosis in patients with primary CRC and corresponding liver metastases. The malignant potential of cells with high KLF5 expression might be the result of high proliferative activity and CSC‐like properties, which likely occur owing to enhanced cyclin D1 and c‐Myc expression. These findings provide a rationale for the development of a novel therapeutic approach that targets KLF5 in the CRC progression and metastatic cascade. Further studies are necessary to explore the precise mechanism(s) by which KLF5 accelerates the malignant potential of CRC cells.
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